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(57) ABSTRACT

Example embodiments of the present invention provide a
method, a system, and a computer program product for
managing tasks in a system. The method comprises running
a first task on a system, wherein the first task has a first
priority of execution time and the execution of which first
task locks a resource on the system, and running a second
task on the system, wherein the second task has a second
priority ol execution time earlier than the first priority of
execution time of the first task and the execution of which
second task requires the resource on the system locked by
the first task. The system then may promote the first task
having the later first priority of execution time to a new
priority of execution time at least as early as the second
priority of execution time of the second task and resume
execution of the first task having the later first priority of
execution time.
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METHOD AND SYSTEM FOR DEADLINE
INHERITANCE FOR RESOURCE
SYNCHRONIZATION

A portion of the disclosure of this patent document may
contain command formats and other computer language
listings, all of which are subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as 1t appears 1n the Patent and Trademark Oflice patent
file or records, but otherwise reserves all copyright rights
whatsoever.

TECHNICAL FIELD

The present invention relates generally to data storage
systems and, in particular, to the field of task scheduling for
multiprocessing computerized systems.

BACKGROUND

A data storage system can include several independent
processors that cooperate to increase throughput of the many
tasks associated with data storage and retrieval. These
processors typically communicate with each other by leav-
ing messages 1 a shared memory. This shared memory 1s
constantly available to the processors for reading and writ-
ng.

Certain tasks performed by the processors require that
cach processor utilize a particular shared resource to the
exclusion of the other processors. When a processor 1s using
such a shared resource, it 1s important for the other proces-
sors to be informed that another processor 1s using the
resource and that the resource 1s not currently available for
use by the other processors.

Current systems that communicate the availability of a
shared resource to the processors are software-based. As
stated above, one approach to providing such communica-
tion 1s to enable the processors to leave messages in the
shared memory. However, because the memory 1s shared, 1t
1s possible for a race condition between processors to occur.
In such cases, one processor could madvertently overwrite a
message left by another processor. This can result 1n the two
processors attempting to use the same shared resource at the
same time.

Another approach involves requiring that a processor that
1s requesting access to the shared resource first check the
resource to determine i1f it 1s available and then, 1t the
resource 1s available, posting a claim to exclusive access to
the resource. After a period of time, the processor then
checks the resource to 1sure that 1t has gained access to the
resource and that another processor did not gain access
before the processor was able to post its claim to the
resource. This process can require a significant amount of
time for a processor to obtain exclusive access to the shared
resource.

SUMMARY

Example embodiments of the present invention provide a
method, a system, and a computer program product for
managing tasks in a system. The method comprises runming,
a first task on a system, whereimn the first task has a first
priority of execution time and the execution of which first
task locks a resource on the system, and running a second
task on the system, wherein the second task has a second
priority of execution time earlier than the first priority of
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execution time of the first task and the execution of which
second task requires the resource on the system locked by
the first task. The system then may promote the first task
having the later first priority of execution time to a new
priority ol execution time at least as early as the second
priority of execution time of the second task and resume

execution of the first task having the first priority of execu-
tion time.

BRIEF DESCRIPTION OF THE DRAWINGS

Objects, features, and advantages of embodiments dis-
closed herein may be better understood by referring to the
following description 1n conjunction with the accompanying
drawings. The drawings are not meant to limit the scope of
the claims included herewith. For clarity, not every element
may be labeled i every Figure. The drawings are not
necessarily to scale, emphasis istead being placed upon
illustrating embodiments, principles, and concepts. Thus,
features and advantages of the present disclosure will
become more apparent {from the following detailed descrip-
tion of exemplary embodiments thereof taken 1n conjunction
with the accompanying drawings 1n which:

FIGS. 1 and 2A-2C are block diagrams of respective
states of task management by a task scheduler 1n a multi-
processing system according to respective example embodi-
ments of the present mvention;

FIGS. 3-6 are flow diagrams 1llustrating methods accord-
ing to example embodiments of the present invention;

FIG. 7 1s a block diagram of a system according to an
example embodiment of the present invention; and

FIG. 8 1s an illustration of an example embodiment of the
present invention embodied in computer program code.

DETAILED DESCRIPTION

In traditional multiprocessing systems, as understood 1n
the art, a task runs until 1t finishes or until 1t cannot run any
longer (e.g., 1 a resource 1s not available). For example, 1n
a traditional multiprocessing system having three tasks with
Taskl having a higher user priority than Task2, and Task2
having a higher user priority than Task3, 11 Task2 1s running,
Taskl may preempt Task2 because Taskl has a higher user
priority. However, 11 for some reason neither Taskl nor
Task2 1s ready to run (e.g., some resource 1s not available),
as understood 1n the art, Task3 will be pulled out of the
queue and start runnming, thereby locking the resource in
memory required by Task3. Later, as understood 1n the art,
i Taskl becomes ready to run on the same processor as
Task3, by virtue of 1ts higher priorty, Taskl will preempt
Task3 and start runming; however, as understood 1n the art,
Taskl will find the resource 1s locked by Task3 (which
cannot run because 1t has a lower user priority than Task1).
Likewise, 1t should be understood that if Taskl becomes
ready to run on a different processor/core than Task3, Task1
will find the resource 1s locked by Task3 and go back into the
queue. Therefore, as understood i the art, in traditional
multiprocessing systems, Taskl gives up and allows Task3
to run and eventually release the resource needed by Taskl.
However, as understood 1n the art, 1t 1s possible that, while
Taskl 1s waiting for Task3 to release the resource, Task2
may start running and, because it has a higher priority, may
preempt Task3 (which Task1 yielded to 1in order to have the
resource released). In this situation, in traditional multipro-
cessing systems, Taskl 1s now waiting for Task2 to complete
which 1s not optimal as Taskl has a higher priority than

Task?2.
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A traditional solution to this problem 1s known 1n the art
as “priority mnversion’ in which the priority of lower priority
running tasks 1s elevated to the priority of the higher-priority
task actively waiting for the locked resource. As understood
in the art and continuing with the example above, 1f Task3
runs and locks the resource which Taskl will need, Task2
may start running and preempt Task3 which, 1n turn, may be
preempted by Taskl when 1t starts running. As understood in
the art, Task3 may temporarily be assigned the same priority
as Taskl (until Task3 finishes) so Task3 can complete and
release the resource Taskl needs to run. Therefore, as
understood 1n the art, the holder of a resource lock (e.g., Task
3) will inherit the priority of the highest-priority task waiting
for the locked resource (e.g., Taskl). However, as under-
stood 1n the art, priority inversion assumes knowledge about
which tasks are more important relative to each other which
presents significant management overhead 1 such multipro-
cessing systems.

Example embodiments of the present invention, however,
do not require such knowledge and, instead, provide a
priority task queue 130 (FIG. 1) based on task time of
execution (1.e., a desired time at which the task should run).
In other words, example embodiments of the present inven-
tion provide a new priority scheme that supersedes tradi-
tional notions of priority and decouples order of execution of
tasks from user priority of tasks by supplanting a task’s user
priority with a time to execute priority. Example embodi-
ments of the present invention provide a method, a system,
and a computer program product for managing tasks in a
system. As will be described in greater detail below, the
method comprises running a first task on a system, wherein
the first task has a first later priority of execution time (and,
therefore, a lower priority) and the execution of the first task
locks a resource on the system, and running a second task on
the system, wherein the second task has a second earlier
priority of execution time earlier than the first priority of
execution time of the first task (and, therefore, a higher
priority than the first task) and the execution of the second
task requires the resource on the system locked by the first
task. The system then may promote the first task having the
later first priority of execution time to a new priority of
execution time at least as early as the second higher priority
ol execution time of the second task and resume execution
of the first task having the later first priority of execution
time. In other words, example embodiments of the present
invention may rearrange the execution order of tasks 1n a
priority of execution time task queue based on a time to
execute.

FI1G. 1 1s a block diagram of a multiprocessing system 100
in a first state at time T,. As illustrated 1n FIG. 1, a task
scheduler 110 may maintain a priority of execution time task
queue 130 including, for example, three tasks 140,-140,
(140 generally). As illustrated 1n FIG. 1, the system 100 also
may include a data store of task types 120, for example as
described below with reference to task types 220 of FIGS.
2A-2C. As understood in the art, the tasks 140 may be
assigned by the task scheduler 110 for execution on one or
more processors or cores 150. In certain situations, one or
more of the tasks may rely on a resource 170 stored in
memory 160 made available to the executing tasks 140.

As 1illustrated 1n FIG. 1, the tasks 140 have respective
priorities of execution time, with Taskl 140, having an
earlier priority of execution time (1 ,,) (1.e., a high priority),
Task2 140, having an intermediate priority of execution time
(T,,) (1.e., an intermediate priority), and Task3 140, having
a later priority of execution time (1 ;) (1.e., a lower priority)
(as illustrated in the priority of execution time legend with
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Taskl 140, having a higher priority than Task2 140, based
on priority of execution time and Task2 140, having a high
priority than Task3 140, based on priority of execution time.
As will be described 1n greater detail below, the priority of
execution time task queue may be a priority of execution
time task queue 130 wherein the tasks 140 are ordered
according to a time at which 1t 1s desired that the tasks 140
execute. It should be understood that, 1n a preferred embodi-
ment, this time of execution 1s mdependent of the system
clock time of the system 100 and that a task 140 may execute
betore or after the prionty time (e.g., T,,, T,,, T ;) but that
the priority time defines the relative priority of the tasks 140
in the queue 130.

FIGS. 2A-2C are block diagrams of a multiprocessing
system 200 (e.g., the multiprocessing system 100 of FIG. 1)
In respective states at times 1,, T,, and T,. FIGS. 3-4 are
flow diagrams 1llustrating respective methods according to
example embodiments of the present invention. FIGS.
2A-2C, 3, and 4 may be described 1n conjunction.

As 1llustrated 1n FIGS. 2A and 3, at time T, the system
200 may run Task3 240, (1.e., a first task) which has a later
priority of execution time (e.g., here, later and, therefore, a
lower priority than that of both Task1 240, and Task2 240.,)
and which requires a resource 270 in memory 260 (320). The
task scheduler 210 may schedule 211 the processor 2350 to
run Task3 240,. The processor 250 then may load Task3
240, (having a priority of execution time of T,;) from the
priority ol execution time task queue 230 (as indicated by
the hashed lines around Task3 240 1n the priority of execu-
tion time task queue 230, the box and arrow for Task3 240,
from the priority of execution time task queue 230 to the
processor 250, and the solid line around Task3 240, in the
processor 250). Accordingly, Task3 240, places a lock 280
on resource 270 attributable to Task3 240,.

As 1llustrated 1n FIGS. 2B and 3, at time T,, the system
200 may run Taskl 240, (1.e., a second task) which has an
carlier priority of execution time (e.g., here, earlier and,
therefore, a higher priority than that of Task3 240, (1.e., the
first task)) and which also requests the resource 270 1n
memory 260 (1.¢., the resource on the system locked by the
first task) (325). As illustrated 1n FIGS. 2B and 4, the task
scheduler 210 may schedule 212 the processor 250 to run
Taskl 240, and preempt Task3 240, (1.e., the first task
having the later priority of execution time) to begin execu-
tion of Taskl 240, (1.c., the second task having the earlier
priority of execution time) (430). The processor 250 then
may load Task1 240, (having a priority of execution time of
T,, which has an earlier priority of execution time (i.e., a
higher priority) than the priority of execution time of T ., for
Task3 240,) from the priority of execution time task queue
230 (as 1ndicated by the hashed lines around Taskl 240, 1n
the priority of execution time task queue 230, the box and
arrow for Taskl 240, from the priority of execution time task
queue 230 to the processor 250, and the solid line around
Taskl 240, in the processor 250). However, because Taskl
240, too, requires use of resource 270 in memory 260, as
illustrated 1n FIGS. 2B and 4, the processor 250 may
determine that Task3 240, (i.e., the first task with the later
priority of execution time) locks the resource 270 on the
system 200 (435) and reports 251 back to the task scheduler
210 that the resource 270 1s locked 280 by Task3 240,.
Accordingly, as illustrated in FIGS. 2C and 4, at time T,
because Task1 240, failed to run as a result of the lock 280
on the resource 270 from Task3 240,, the task scheduler 210
may requeue 213 Taskl 240, (1.e., remnsert the second task
having the earlier priority of execution time and, therefore,
the higher priority) 1n the priority of execution time task
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queue 230 with 1ts original priority of execution time T ,, (as
indicated by the solid lines around Task1 240, 1n the priority
of execution time task queue 230) for subsequent execution

according to 1ts earlier priority of execution time (440).
Additionally, as illustrated 1n FIGS. 2C and 3, at time T,

the task scheduler 210 may set 214 Task3 240, to have the
same priority of execution time T, as Taskl 240, ; in other
words, the task scheduler 210 may promote the first task
having the later priority of execution time to a new priority
of execution time at least as early as the second earlier
priority of execution time of the second task (3435) and
resume execution (350) of the first task on the processor 250.
Thus, as shown 1n the task priority legend, Task3 240, now
has the earliest priority of execution time T ., (inherited from
Taskl 240,) as 1t 1s currently executing on the processor 250,
followed by Taskl 240, having the same priority of execu-
tion time T ,,, with Task2 240, having the latest priority of
execution time T ,, and, therefore, the lowest priority. There-
fore, 1t should be understood that, a condition cannot arise
under which Task1 240, waits for Task3 240, to release its
lock 280 on a resource 270 and Task2 240, starts running
and preempts Task3 240, (thereby causing Taskl 240, to
depend on the execution of Task2 240, despite its earlier
priority of execution time) because the priority of execution
time T ., for Task2 240, 1s later than the priority of execution
time T ., for Task3 240,.

FIGS. 5-6 are flow diagrams 1llustrating respective meth-
ods according to example embodiments of the present
invention and may be described with reference to FIGS.
2A-2C. As 1llustrated 1n FIGS. 2A-2C, the system 200 also
may include a data store of task types 220 having execution
delay values (5035). In certain embodiments, the store of task
types 220 may include a table 1dentitying a plurality of tasks
types, attributes of each respective task type (including
execution delay values), and statistics regarding the execu-
tion of tasks having the respective task types. For example,
the task scheduler 210 may assign an execution delay value
upon instantiation of each task in the priority task queue 230
(510), such as by giving each task a task type (e.g., from the
store of task types 220).

For example, the store of task types 220 may have three
types of tasks: Typel runs now, Type2 runs i 1 second, and
Type3 runs 1n 1 minute. First, the task scheduler 210 may
instantiate a first task of Typel (now) and insert 1t into the
queue 230 and then create a second task of Typel (now) and
isert 1t 1into the queue 230 after the first task (1.e., the first
task was created earlier so 1t gets to run earlier as both the
first task and the second task have the same task type and,
therefore, the same execution delay value). The task sched-
uler 210 then may create a third task of Type2 (1 s) which
1s mserted down the queue 230. Before one minute has
passed, the task scheduler 210 creates a fourth task of Typel
(now), which 1s mserted in the queue 230 ahead of the third
task of Type2 (1 s), and a fifth task of Type3 (1 m), which
1s 1nserted after the third task. Accordingly, controlling the
delay time and therefore the time of execution allows the
system 200 to determine the priority of the tasks as the queue
230 1s sorted by the desired time of execution of the tasks.

As tasks 240 are executed from the priority of execution
time task queue 230, the task scheduler 210 may record the
times of execution of the tasks 240 and the execution delay
values assigned to the tasks 240 upon their instantiation into
the priority task queue 230 (615). The task scheduler 210
then may adjust the execution delay values assigned to the
task types according to differences calculated between the
times ol execution of the tasks and the execution delay
values assigned to the tasks (620). In certain embodiments,
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the task scheduler 210 may change the execution delay
values for task types. In other embodiments, the task sched-
uler 210 may reorder the tasks 240 1n the queue 230 by
changing their times of execution.

FIG. 7 1s a block diagram of an example embodiment
apparatus 7035 according to the present invention. The appa-
ratus 705 may be part of a system 700 and 1includes memory
710 storing program logic 715, a processor 720 for execut-
ing a process 725, and a communications I/O interface 730,
connected via a bus 735. The apparatus 703 1s configured to
communicate with memory media 783, I/O devices 783, and
magnetic or optical (magnetic/optic) drives 787 wvia the
communications I/O interface 730. The apparatus 705 1is
configured to communicate with a plurality of sources 701
via a network 750 using communications 1I/O interface 730.
The apparatus 705 1s further configured to communicate
with a display 789, a report device 790, and a second
processing system 7935 via a network 780 using communi-
cations I/O interface 730.

Processing may be implemented 1n hardware, software, or
a combination of the two. Processing may be implemented
in computer programs executed on programmable comput-
ers/machines that each includes a processor, a storage
medium or other article of manufacture that 1s readable by
the processor (including volatile and non-volatile memory
and/or storage elements), at least one input device, and one
or more output devices. Program code may be applied to
data entered using an input device to perform processing and
to generate output information.

The methods and apparatus of this invention may take the
form, at least partially, of program code (1.e., instructions)
embodied 1n tangible non-transitory media, such as floppy
diskettes, CD-ROMs, hard drives, random access or read
only-memory, or any other machine-readable storage
medium. When the program code i1s loaded into and
executed by a machine, such as the computer of FIG. 7, the
machine becomes an apparatus for practicing the invention.
When implemented on one or more general-purpose pro-
cessors, the program code combines with such a processor
to provide a unique apparatus that operates analogously to
specific logic circuits. As such, a general purpose digital
machine can be transformed into a special purpose digital
machine.

FIG. 8 15 a block diagram of a computer program product
800 including program logic 8355, encoded on a computer-
readable medium 860 1n computer-executable code config-
ured for carrying out the methods of the invention, according
to an example embodiment of the present invention. The
logic for carrying out the method may be embodied as part
of the aforementioned system, which 1s useful for carrying
out a method described with reference to embodiments
shown.

Although the foregoing invention has been described 1n
some detail for purposes of clarity of understanding, 1t will
be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. The
scope of the invention 1s limited only by the claims and the
invention encompasses numerous alternatives, modifica-
tions, and equivalents. Numerous specific details are set
forth 1n the above description 1n order to provide a thorough
understanding of the imnvention. These details are provided
for the purpose of example and the invention may be
practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that 1s known in the technical fields related to the
invention has not been described 1n detail so that the
invention 1s not unnecessarily obscured. Accordingly, the
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above implementations are to be considered as illustrative
and not restrictive, and the invention 1s not to be limited to
the details given herein, but may be modified within the
scope and equivalents of the appended claims.
What 1s claimed 1s:
1. A method to prevent locking of a resource for a speciiic
task comprising:
queuing a first task 1n a queue of tasks to be executed by
at least one processor of a system, the first task having
a first priority of execution time determined based at
least 1n part on a first execution delay value associated
with the first task;
queuing a second task in the queue of tasks, the second
task having a second priority of execution time deter-
mined based at least 1n part on a second execution delay
value associated with the second task, the second
priority of execution time being earlier than the first
priority of execution time;
queueing a third task in the queue of tasks, the third task
having a third priority of execution time determined
based at least in part on a third execution delay value
associated with the third task, the third prionty of
execution time being earlier than the first priority of
execution time and later than the second priority of
execution time, wherein the time when the at least one
processor of the system will execute each task 1s based
at least 1n part on 1ts respective priority ol execution
time, the respective priority of execution time of each
task supplanting a priority associated with each task;

executing the first task by the at least one processor of the
system, wherein the execution of the first task locks a
resource on the system;

executing the second task by the at least one processor of

the system, wherein the execution of the second task
requires the resource on the system locked by the first
task:

determining that the resource required for execution of the

second task 1s locked by the first task;
responsive to determining that the resource required for
execution of the second task 1s locked by the first task,
promoting the first task having the first priority of
execution time to a new priority of execution time at
least as early as the second priority of execution time of
the second task;
re-inserting the second task mto the queue to wait for the
first task to unlock the resource, the re-inserted second
task having the second priornty of execution time; and

continuing execution of the first task having the new
priority of execution time by the at least one processor
of the system, whereby promoting the first task having
the first priority of execution time to the new priority of
execution time at least as early as the second priority of
execution time of the second task inhibits the third task
having the third priority of execution time from execut-
ing and locking the resource prior to execution of the
re-inserted second task having the second priority of
execution time by the at least one processor of the
system.

2. The method of claim 1 wherein executing the second
task by the at least one processor of the system comprises
preempting the first task having the first priority of execution
time to begin execution by the at least one processor of the
system of the second task having the second priornity of
execution time.

3. The method of claim 1 wherein the queue of tasks 1s
configured to arrange the first, second and third tasks based
at least 1n part on their respective priority of execution times.
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4. The method of claam 1 wherein the system 1s a
multi-core system and wherein executing the first task and
the second task by the at least one processor of the system
comprises one or more of executing the first task and the
second task by the same core of the multi-core system and
executing the first task and the second task by respective
different cores of the multi-core system.

5. The method of claim 1 further comprising:

providing a plurality of task types having respective

execution delay values; and

assigning one ol the task types of the plurality of task

types to each of the first, second and third tasks,

wherein:

the first execution delay value corresponds to the
execution delay value of the task type assigned to the
first task;

the second execution delay value corresponds to the
execution delay value of the task type assigned to the
second task; and

the third execution delay value corresponds to the
execution delay value of the task type assigned to the
third task.

6. The method of claim 5 further comprising recording
statistics 1n an execution table regarding times of execution
of respective tasks by the at least one processor of the system
in relation to the respective execution delay values of those
respective tasks.

7. The method of claim 6 further comprising adjusting the
execution delay values of one or more of the task types for
new tasks queued 1n the queue of tasks based at least 1n part
on the recorded statistics.

8. A system comprising;:

memory;

at least one processor; and

computer program code that, when executed on the at

least one processor, provides a task scheduler process
configured to perform the operations of:
queuing a first task 1 a queue of tasks to be executed
by at least one processor of the system, the first task
having a first priority of execution time determined
based at least 1n part on a first execution delay value
assoclated with the first task;
queuing a second task 1n the queue of tasks, the second
task having a second priority of execution time
determined based at least in part on a second execu-
tion delay value associated with the second task, the
second priority of execution time being earlier than
the first priority of execution time;
queueing a third task 1n the queue of tasks, the third task
having a third priority of execution time determined
based at least 1n part on a third execution delay value
associated with the third task, the third priority of
execution time being earlier than the first priority of
execution time and later than the second priority of
execution time, wherein the time when the at least
one processor of the system will execute each task 1s
based at least 1n part on its respective priority of
execution time, the respective priority of execution
time ol each task supplanting a priority associated
with each task;
executing the first task by the at least one processor of
the system, wherein the execution of the first task
locks a resource on the system;
executing the second task by the at least one processor
of the system, wherein the execution of the second
task requires the resource on the system locked by
the first task:
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determining that the resource required for execution of
the second task 1s locked by the first task;

responsive to determining that the resource required for
execution of the second task 1s locked by the first
task, promoting the first task having the first priority
of execution time to a new priority of execution time
at least as early as the second priority of execution
time of the second task;

re-inserting the second task into the queue to wait for
the first task to unlock the resource, the re-inserted
second task having the second priority of execution
time; and

continuing execution of the first task having the new
priority of execution time by the at least one pro-
cessor of the system, whereby promoting the first
task having the first priority of execution time to the
new priority of execution time at least as early as the
second priority of execution time of the second task
inhibits the third task having the third priority of
execution time from executing and locking the
resource prior to execution of the re-iserted second
task having the second priority of execution time by
the at least one processor of the system.

9. The system of claim 8 wherein executing the second
task by the at least one processor of the system comprises
preempting the first task having the first priority of execution
time to begin execution by the at least one processor of the
system of the second task having the second priority of
execution time.

10. The system of claim 8 wherein the queue of tasks 1s
configured to arrange the first, second and third tasks based
at least 1n part on their respective priority of execution times.

11. The system of claim 8 wherein the system 1s a
multi-core system and wherein executing the first task and
the second task by the at least one processor of the system
comprises one or more of executing the first task and the
second task by the same core of the multi-core system and
executing the first task and the second task by respective
different cores of the multi-core system.

12. The system of claim 8 wherein the task scheduler
process 1s further configured to perform the operations of:

providing a plurality of task types having respective

execution delay values; and

assigning one of the task types of the plurality of task

types to each of the first, second and third tasks,
wherein:

the first execution delay value corresponds to the execu-
tion delay value of the task type assigned to the first
task:

the second execution delay value corresponds to the

execution delay value of the task type assigned to the
second task; and

the third execution delay value corresponds to the execu-

tion delay value of the task type assigned to the third
task.

13. The system of claim 12 wherein the task scheduler
process 1s further configured to perform the operation of
recording statistics 1n an execution table regarding times of
execution of respective tasks by the at least one processor of
the system 1n relation to the respective execution delay
values of those respective tasks.

14. The system of claim 13 wherein the task scheduler
process 1s further configured to perform the operation of
adjusting the execution delay values of one or more of the
task types for new tasks queued in the queue of tasks based
at least 1 part on the recorded statistics.
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15. A tangible non-transitory media having computer
executable code encoded thereon that when executed by at
least one processor ol a system causes the at least one
processor to provide a task scheduler process to manage the
execution of tasks 1 a queue of tasks to be executed by the
at least one processor of the system, the computer executable
code comprising:
computer program code for queuing a first task in the
queue of tasks, the first task having a first priority of
execution time determined based at least in part on a
first execution delay value associated with the first task;

computer program code for queuing a second task in the
queue of tasks, the second task having a second priority
of execution time determined based at least 1n part on
a second execution delay value associated with the
second task, the second priority of execution time being,
carlier than the first priority of execution time;

computer program code for queueing a third task in the
queue of tasks, the third task having a third prionty of
execution time determined based at least 1n part on a
third execution delay value associated with the third
task, the third priority of execution time being earlier
than the first priority of execution time and later than
the second priority of execution time, wherein the time
when the at least one processor of the system will
execute each task 1s based at least in part on 1its
respective priority of execution time, the respective
priority of execution time of each task supplanting a
priority associated with each task;

computer program code for executing the first task by the

at least one processor of the system, wherein the
execution of the first task locks a resource on the
system;

computer program code for executing the second task by

the at least one processor of the system, wherein the
execution of the second task requires the resource on
the system locked by the first task;

computer program code for determining that the resource

required for execution of the second task 1s locked by
the first task;

computer program code for promoting the first task hav-

ing the first priority of execution time to a new priority
of execution time at least as early as the second priority
of execution time of the second task responsive to
determining that the resource required for execution of
the second task 1s locked by the first task;

computer program code for re-inserting the second task

into the queue to wait for the first task to unlock the
resource, the re-inserted second task having the second
priority of execution time; and

computer program code for continuing execution of the

first task having the new priority of execution time by
the at least one processor of the system, whereby
promoting the first task having the first priority of
execution time to the new priority of execution time at
least as early as the second priority of execution time of
the second task inhibits the third task having the third
priority of execution time from executing and locking
the resource prior to execution of the re-inserted second
task having the second priority of execution time by the
at least one processor of the system.

16. The tangible non-transitory media of claim 15 wherein
the computer executable code further comprises computer
program code for executing the second task by the at least
one processor of the system comprises preempting the first
task having the first priority of execution time to begin
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execution by the at least one processor of the system of the
second task having the second priority of execution time.

17. The tangible non-transitory media of claim 15 wherein
the queue of tasks 1s configured to arrange the first, second
and third tasks based at least 1n part on their respective
priority of execution times.

18. The tangible non-transitory media of claim 15 wherein
the system 1s a multi-core system and wherein executing the
first task and the second task by the at least one processor of

the system comprises one or more of executing the first task 10

and the second task by the same core of the multi-core
system and executing the first task and the second task by
respective different cores of the multi-core system.

19. The tangible non-transitory media of claim 15 wherein
the computer executable code further comprises computer
program code for:

providing a plurality of task types having respective

execution delay values; and

assigning one of the task types of the plurality of task

types to each of the first, second and third tasks,
wherein:

15
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the first execution delay value corresponds to the
execution delay value of the task type assigned to the
first task;

the second execution delay value corresponds to the
execution delay value of the task type assigned to the
second task; and

the third execution delay value corresponds to the
execution delay value of the task type assigned to the
third task.

20. The tangible non-transitory media of claim 19 wherein
the computer executable code further comprises computer
program code for recording statistics 1n an execution table
regarding times ol execution of respective tasks by the at
least one processor of the system 1n relation to the respective
execution delay values of those respective tasks.

21. The tangible non-transitory media of claim 20 wherein
the computer executable code further comprises computer
program code for adjusting the execution delay values of
one or more of the task types for new tasks queued in the

20 queue of tasks based at least 1n part on the recorded statistics.
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